Recent studies indicate that nitrogen oxide species in the atmosphere, including N2O5 and ONONO2, undergo a new class of SN2-type substitution reactions when in contact with seawater and sea spray aerosols. 1, 2, 3 The competition between halide substitution and hydrolysis reactions of nitrogen oxides has major implications for the levels of molecules such as O3, OH, Cl, and CH4, thus directly affecting radiative forcing and global climate. In order to study the competition between halide substitution and hydrolysis of nitrogen oxides, we build theoretical model systems of the type NxOy + Cl-+ nH2O (n=1-5) and study their potential energy surfaces via electronic structure calculations and ab initio molecular dynamics (AIMD) simulations. In model studies of the cluster N2O5 + Cl-+ H2O, we determine that when H2O and Cl-are near N2O5, halide substitution is a faster reaction, though the products of hydrolysis are more energetically stable. 3 We additionally find that the barrier to hydrolysis is substantially lowered (by ~20 kcal/mol) in the presence of Cl -. The reactions of ONONO2 + Cl-+ H2O are strikingly similar to those of the analogous N2O5 cluster, as the SN2-type substitution reaction is very fast relative to the slower hydrolysis process creating more stable products. 
